Sudden unexplained death in epilepsy (SUDEP) is a major cause of mortality in patients with epilepsy 1, 2 . The aetiology of SUDEP remains unclear and may be multifactorial. Autonomic dysfunction affecting cardiac or pulmonary systems has been postulated as a major factor in SUDEP. Cardiac rate and rhythm disturbances and respiratory abnormalities have been identified during seizures [3] [4] [5] [6] . Seizures can alter respiratory rate and pattern, producing tachypnoea, hypopnoea or apnoea, and secretions. Apnoea is com- AbSTrACT -Dysfunction affecting cardiac or pulmonary systems has been postulated as a major factor in sudden death in epilepsy (SUDEP). Whilst the majority of studies of cardiorespiratory function have focused on changes during seizures, here we investigate whether epilepsy influences basal respiratory parameters in patients with temporal lobe epilepsy (TLE) during the interictal period. Spirometry was performed in 10 females and 10 males. Measurements of Vital Capacity (VC), Forced Vital Capacity (FVC), Forced Expiratory Volume in the first second (FEV1) and ratios of FEV1 to FVC (FEV1/FVC) were obtained, and these values were analyzed as percentages of predicted values. None of the patients had chronic obstructive pulmonary disease and no significant alterations in respiratory function tests were found among these patients. No association between seizure frequency, antiepileptic drugs and SUDEP could be found in this study. Although the study did not identify any specific respiratory abnormality in TLE patients during the interictal period, re-evaluation of clinical data on pulmonary disorders in people with epilepsy should be better investigated.
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KEy WorDS: epilepsy, SUDEP, respiratory parameters. mon during tonic-clonic seizure and brief apnoea occurs during many complex partial seizures 4 . Studies using video-EEG monitoring have shown pulmonary dysfunction in patients with epilepsy when a life-threatening period or death occurs [7] [8] [9] . Pulmonary oedema is the result of an increase in pulmonary vascular pressure from increased sympathetic activity, provoking the combination of pulmonary vasoconstriction and increased left atrial pressure from systemic hypertension. Status epilepticus and repetitive seizures can cause pulmonary oedema, which can alter pulmonary function for up to 72 hours 10 . Studies have shown that seizure-associated respiratory compromise due to hypoventilation or obstructive apnoea is an important feature in SUDEP 4, 11 . In a series of 15 witnessed SUDEPs, respiratory difficulties were seen in 12 11 . Although various abnormalities in pulmonary cardiac functions that can cause sudden death during the ictal period in patients with epilepsy have been reported [12] [13] [14] , there are only a few reports with respect to the interictal period 15 . We aimed to assess whether patients with epilepsy have higher respiratory co-morbidity than the general population, and whether the prevalence of respiratory co-morbidity differs between people with epilepsy with and without known risk factors for SUDEP. Whereas most available studies of cardiorespiratory function have focused on changes during seizures 5, 13 , here we investigate whether epilepsy influences pulmonary function. We analyzed respiratory parameters in patients with temporal lobe epilepsy (TLE), the most frequent refractory epilepsy, during the interictal period.
method
Adult outpatients with medically proven TLE were invited to participate as study subjects during a routine visit to a specified neurological outpatient clinic (Itapeti Neuroclinic, Mogi das Cruzes, brazil). Patients were informed about the procedures of the study, and if agreed to take part in the study signed an informed consent form. The study was ethically reviewed and approved by the Institutional human research Ethics Committee.
Inclusion criteria were age over 18 years, a reliable diagnosis of TLE, ability to read and comprehend the meaning of the questionnaire and able to provide informed consent to participate in the study. Patients with a clinical diagnosis of asthma, allergic rhinitis, smoking habits, and other respiratory disorders were excluded. All had a multidisciplinary evaluation, including history and physical examination, EEG monitoring and magnetic resonance imaging (MrI). In brief, thirteen patients presented psychic seizures within complex partial seizures: nine with epigastric aura and four with affective manifestations of fear. These events occurred before anti-epileptic drugs (AED) treatment. EEG analysis with scalp electrodes performed during sleep and wakefulness showed epileptiform activity with spike waves predominantly in the anterior temporal region in nine patients, focal EEG slowness in the temporal regions in two patients and normal EEG in nine patients. MrI showed hippocampal atrophy in nine patients.
Spirometry was performed in 10 females and 10 males. All completed a questionnaire about age, sex and health habits. body measurements were taken, including standing height and weight. After explanation of the test procedures, every subject attempted to perform spirometric manoeuvres. Forced expiratory manoeuvres were recorded with a pneumotachograph (Koko Spirometer). A minimum of 3 acceptable and reproducible manoeuvres were obtained for each patient, according to the standards recommended by the American Thoracic Society 16 . All spirometric examinations were carried out with the subject seated, wearing a nose clip and using a disposable mouthpiece. results None of the 20 patients with TLE had chronic obstructive pulmonary disease. Anthropometrics and clinical characteristics of the patients with epilepsy in the study are shown in the Table. The mean age of the patients was 41±12.3 years and the mean duration of epilepsy was 20±9 years. All patients were treated with AEDs, using at least one medication at the time of the study. Carbamazepine (80%) was the most commonly used AED, followed by clobazam (10%). Almost all patients presented with controlled seizures. Pulmonary function of patients with epilepsy showed no significant alterations in respiratory tests: FVC (4.09±1.24), FEV1 (3.33±1.03) and FEV1/FVC (0.81±0.05). No association between seizure frequency, AED and altered pulmonary function was found. discussion Potential mechanisms of SUDEP comprise cardiac arrhythmia, autonomic imbalance, hypoxia, arrhyth-mogenic drugs or central or obstructive apnoea 4, [20] [21] [22] . We analyzed respiratory parameters in patients with TLE during the interictal period and found no significant alterations in respiratory function tests.
The exact pathomechanism of SUDEP is unknown. Cardiac mechanisms may play a role, due to repetitive cardiac damage during seizures and to arrhythmia during seizures, possibly triggered by apnoea and/ or cerebral autonomic imbalance. Several studies deal with respiratory parameters during seizures 4, 15, 23 but information on respiratory function in patients with epilepsy during the interictal period is lacking. one study 15 found vital capacity levels to be significantly lower in patients with generalized epilepsy than in those with partial epilepsy. respiratory physicians detected no pathology during examinations of patients, so the differences found in vital capacity were evaluated as a lack of coordination in respiratory function tests. Another group also observed that respiratory function tests in the interictal period were no different from those of a control group 14 . Information about the interictal period was also analysed in animals with pilocarpine-induced epilepsy 24 . In this study rats with epilepsy presented an altered ability to compensate for changes in arterial gas levels with changes in ventilation in response to an increase or decrease in PaCo 2 .
Although data from literature have showed seizure control in 10-40% of TLE patients, we observed that 75% of the patients from our study presented controlled seizure under therapy treatment. one explanation for our findings might be that most patients in this study had controlled seizures, and increased seizure frequency is reported to be a strong risk factor for SUDEP. Most of our patients, however, were taking AED polytherapy, another known risk factor for SUDEP.
Several autopsy studies in people with SUDEP have reported pulmonary oedema 25 or increased lung weights 14 . The post-mortem data in one study 26 revealed bronchial fluid or pulmonary oedema in four of six cases, suggesting that the increased autonomic stimulation associated with seizures in SUDEP observed in their study may contribute to pulmonary changes that may be important in SUDEP; pre-existing pulmonary diseases could exacerbate this process.
It might be speculated that ictal as well as interictal ventilatory dysfunction could have a role in some SUDEP cases. Although our study did not identify any specific common respiratory abnormality in TLE patients during the interictal period, re-evaluation of clinical data about pulmonary disorders in people with epilepsy should be better investigated. 
